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Abstract: The paper describes a prototype decision 
support/expert system for contractor prequalification, CP-DSS.  
The system firstly evaluates contractors' capabilities according 
to the project specific criteria.  It then identifies any risk 
that may be caused by contractors.  Finally, contractors are 
appraised according to their likely performance, management 
capability, reputation, resources, progress, competitiveness and 
activeness. 
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INTRODUCTION 
 
Many construction projects have problems with sub-standard work, 
delays, disputes or even bankruptcy.  Some of these problems are 
caused by imprudent decisions made in the contractor selection 
process, (Russell & Skibniewski, 1987).  To rectify this, 
clients have been urged to adopt a more informed and systematic 
approach in assessing and selecting tenderers for contract 
auctions (Flanagan and Norman, 1982).  As a result, contractor 
prequalification systems have been developed to determine 
candidates' competence or ability to meet the specific 
requirements for the performance of tasks.  Prequalifying 
contractors usually involves screening by the project owner to 
determine the contractors' competency to participate in a 
project bid (Russell & Skibniewski, 1990a). 
 
Until recently, little serious study has been made of the 
subject of contractor prequalification.  One reason is that the 
process involves the consideration of a wide range of criteria 
for which information is often qualitative, subjective and 
imprecise (Russell & Skibniewski 1988).  Consequentially, the 
process remains "largely an art where subjective judgment, based 
on the individual experience, becomes an essential part of the 
process" (Nguyen 1985).  These deficiencies have led to several 
studies aimed at developing more effective prequalification.  
These have resulted in a variety of models including the 
financial model (Netherton, 1978), linear model (Russell and 
Skibniewski, 1988; Russell and Skibniewski, 1990a), multiple 
rating model (Russell, 1992; Russell and Irtishad, 1990), 
multiple utility model (Diekmann, 1981), fuzzy set model 
(Nguyen, 1985), statistical model (Jaselskis and Ashley, 1991), 
knowledge-based model (Russell and Skibniewski, 1990b), matrix 
model (Peters, 1981), competitiveness model (Drew and Skitmore, 
1993), and performance model (Hong Kong Housing Authority, 
1992).  Each model has its own limitations but one common 
problem is that none completely utilise all the available data 
(Russell, 1992).  To optimally prequalify contractors, all 
previous and present data regarding the contractors should be 
utilised quantitatively. 
 
A potential approach to derive an objective solution is to use 
an information system for performing prequalification tasks.  
This paper describes such a system, CP-DSS.  This combines the 
capabilities of decision support systems and expert systems via 
a three-levels model.  The system firstly evaluates contractors' 
capabilities according to the project specific criteria.  It 
then identifies any risk that may be caused by contractors.  
Finally, contractors are appraised according to their likely 
performance, management capability, reputation, resources, 
progress, competitiveness and activeness. 
 
 
AN INFORMATION TECHNOLOGY APPROACH 
 
Prequalification requires the evaluation of various contractors 
to determine their suitability to enter a project bid.  Very 
often, the process is performed without the aid of a computer 
tool (Russell, 1992).  However, a system is needed that can 
manipulate the complex evaluation and prequalification process 
to support the human decision makers, leaving them free to 
concentrate on the actual problem solving and decision making 
aspects of the task.  This can be achieved by means of decision 
support system (DSS) (Sprague and Carlson, 1982).  In addition, 
decision makers also use their heuristic knowledge or "rules of 
thumb" in prequalifying contractor.  The process is usually ill-
structured and intuitive.  This suggests the use of a knowledge 
based system (KBS) is the best solution to capture and structure 
this type of knowledge (Sprague and Watson, 1986). 
 
According to Sprague and Watson (1986), a KBS can be combined 
with a DSS to perform functions that the regular DSS cannot 
perform.  Goul et al (1984a, 1984b) suggest that a KBS is an 
`expert' component in a DSS.  The appropriate use of such a 
combination is the `intelligence' or `problem-finding' phase of 
the strategy decision making process.  Sprague and Watson (1986) 
also believe that a KBS can lead the decision maker to pertinent 
models of reasoning.  Therefore, it could offer conclusions with 
their supportive justifications.  This could also aid the 
decision maker in identifying objectives, diagnosing problems, 
and formulating problems and models for analysis.  The task of 
gathering data can also be improved as the decision maker's 
scope is narrowed or widened as necessary, dictated by expert 
sub-system's request for information.  This, together with the 
fact that algorithmic analysis and heuristic knowledge are 
widely used in prequalification, suggests that an integrated KBS 
and DSS might be a suitable basis for a new type of 
prequalification system. 
 
 
CONCEPTUAL FRAMEWORK OF THE MODEL 
 
Russell and Skibniewski (1987,1988) suggest that 
prequalification systems operate in two stages, (1) defining the 
scope of the work and agreeing contract type, and (2) developing 
the list of bidders, and that the following steps are necessary 
in the decision making process: 
 
 1 development of selection criteria 
 2 gathering data on contractor's capabilities 
     3 evaluating contractor data 
 4 applying contractor data to criteria (from step 1) 
 5 gathering more data for the decision if needed, and 
 6 making the decision 
 
Stages 2 to 6 should be completed for each prospective 
contractor.  This is, however, a tedious process as a lot of 
data has to be collected and evaluated.  An ideal system should 
carry all those processes out automatically.  The only task for 
the client or consultant is to define the scope of work and 
other project criteria.  The system will then come up with the 
possible solutions for decision making (see Fig.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.1:  Improvement of the prequalification process 
 
Various approaches have been used to capture the knowledge in 
this domain.  Most of our knowledge was derived from six 
structured interviews carried out in Hong Kong with the relevant 
experts in this area.  The interviewees were asked a series of 
questions concerning their criteria for prequalifying 
contractors, and decision rules for evaluating these criteria. 
 
From this basis a questionnaire was developed.  A total of 100 
questionnaires were sent to public sector clients and private 
consultants and 37 were completed and returned.  The results of 
the questionnaire were used for formulating the weighting for 
the decision factors and sub-factors as outlined in Russell and 
Skibniewski (1990a). 
 
The knowledge elicited from the domain experts was structured 
into a three-levels model (see Fig.2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.2:  Three-levels model 
 
 
THREE-LEVELS MODEL 
 
Project Specific Module 
 
According to the results of our interviews, most clients and 
consultants prequalify contractors initially by project specific 
criteria, such as project type and project sum.  Normally, some 
contractors are screened off simply because they do not have 
adequate resources to handle the project nor do they have enough 
experience in certain types of construction projects.  The 
project specific module is, therefore, proposed to evaluate the 
competence of contractors in carrying out the project by 
comparing the project details with the relevant contractors' 
data.  According to McCanlis (1974) and the knowledge elicited 
from the domain experts, the following decision criteria are 
relevant to this module: 
 
   • size of project 
   • type of project 
   • complexity of the proposed construction work 
   • standard of quality required 
   • working capital 
   • capacity of work 
   • method of procurement to be used 
   • design liability 
   • level of technology required 
   • the need to build the work in a particular order 
   • work around dangerous substances 
   • the requirement for noise control 
   • location of work 
   • percentage of work to be sub-contracted 
 
Risk Identification Module 
 
In every construction project, the client is exposed to risks 
that may cause substantial loss to him.  Risks can be and are 
usually attributed to the incompetence of the contractor.  
However, risks can be managed or eliminated by careful 
consideration of the experience, performance and current 
workload of potential contractors (Flanagan and Norman, 1989).  
The risk identification module, which examines the recent status 
and movement of contractors, is intended to help minimise the 
possibility of having any downside risks being passed onto the 
client after awarding the contract.  Potentially risky 
contractors are those who have: 
 
   • not adopted a formal quality management policy 
   • recently been debarred from tendering 
   • failed to complete a contract 
   • committed a fraudulent activity 
   • insufficient local experience 
   • unstable company structure 
   • financially unsound 
 
Final Appraisal Module 
 
Contractor prequalification usually requires an appraisal of 
contractors' past performance, reputation, resources, etc., to 
enable a short-list to be produced.  Very often, clients and 
consultants have overlooked the importance of this process by 
simply making subjective ratings of contractors.  These ratings 
may only reflect the overall impression of contractors according 
to their performance on a particular project in a particular 
time. 
 
A more objective and scientific approach is to use all the 
available data of contractors in relevant models for evaluation. 
 The final appraisal module evaluates the creditability of 
contractors through a series of models.  The outcomes of these 
models are given a weighting to indicate their degree of 
importance in the overall evaluation.  A final score is computed 
to represent the relative merits of each contractor and from 
which a short list of tenderers can be produced. 
 
 
SUB-MODELS FOR FINAL APPRAISAL 
 
Performance 
 
This model measures contractors' performance directly against 
definite standards.  The Performance Assessment Scoring System 
(PASS) is the principal source of reference (Hong Kong Housing 
Authority, 1992).  The system classifies a building's 
construction into structural work, architectural works, external 
works and other obligations.  Each of these factors is, in turn, 
sub-divided into several items.  At a particular sampling 
location, the construction work is judged as complying or not 
complying with the stated standards.  This information is 
entered into a matrix (see Fig.3) to determine whether or not a 
contractor has passed the factor in that particular spot.  The 
score for each factor is calculated by multiplying the 
percentage of items complied to the standard (ticks) with the 
percentage of passed factor spot (P) and the weighting 
(calculated from the questionnaires).  The individual scores are 
then added up to give a total. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.3:  Matrix for evaluation of performance in PASS 
 (Source: PASS Manual, Hong Kong Housing Authority) 
 
Management Capability 
 
This model assesses contractors' management organisation, 
resources, organisation of works, documentation and general 
obligations.  Against each of these there are several items to 
be evaluated.  The assessment is made by giving a grading A, B, 
C or D according to the standards of attainment (Hong Kong 
Housing Authority, 1992).  To obtain a score, the attainment 
levels are given a numerical value.  The total numbers of each 
grade are then multiplied by a multiplying factor (i.e., 3, 2 
and 1 for A, B and C respectively).  The score for each decision 
factor is then divided by the total numbers of possible grades 
for that factor.  Again, a weighting is applied to each decision 
factor and its associated items to produce an objective final 
score for this factor. 
 
Reputation 
 
A matrix similar to that of the performance model was developed 
for evaluating contractor's reputation.  Four main decision 
factors have been determined - integrity, co-operative outlook, 
financial credit rating and claims record.  Under each heading, 
several items are assessed.  The assessments are carried out 
over several different projects to eliminate the likelihood of 
bias.  The results are recorded in the matrix for evaluation 
using the same principle of evaluation as the PASS. 
 
Resources 
 
The model consists of four factors, they are capital, experience 
of staff, plant and premises.  Multiplying factors are given to 
each item in the factors to reflect their value.  An initial 
score for each item is worked out by multiplying by the 
quantities.  Contractors' scores on that item are then compared 
and the scores are divided by the highest score amongst the 
contractors to produce a relative score.  Relative scores for 
other items are calculated under the same principle.  The 
relative score is multiplied with the weighting to give a 
weighted score for that item.  The weighted score for all items 
is totalled, and a total score for a factor can be computed.  
Scores for other factors are calculated on the same basis.  
Finally, the total score for contractor resources is calculated 
by adding up all the weighted scores of the four decision 
factors in the model. 
 
Progress 
 
In this model, contractors' progress on their projects is 
evaluated according to their work done.  The programme status is 
derived from the `time so far' x 100 x `percent of completion'. 
 This is modelled in relational database to produce a progress 
report.  The total time overrun determines the score of each 
contractor.  The longer is the delay, the lower is the score. 
 
Competitiveness 
 
Every client wants to obtain genuine competitive bids from the 
tenderers.  Contractors who persistently submits uncompetitive 
bids should be avoided.  Information on previously returned bids 
are used for the evaluation purpose.  The basic principle is 
that the higher the tendered price is away from the lowest 
accepted tender sum, the lower is the score.  The final figure 
is derived from an average of 50 previous contracts. 
 
Activeness 
 
This model is an integral component of the competitiveness 
model.  During inputting the tender prices of various 
contractors, an option is available to indicate if a contractor 
has not returned his tender for that project.  A score is 
calculated by comparing this with the numbers of project the 
contractor has been invited to tender.  The more the contractor 
has returned a priced bill, the higher the score will be. 
 
 
PROTOTYPE OF CP-DSS 
 
A prototype system, CP-DSS, has been successfully developed 
within the above conceptual framework.  It is implemented within 
DBase IV, Lotus 123 and an object-oriented expert system shell 
called KAPPA.  The current working system is running on IBM PC 
and compatible DOS-based micro-computers. 
 
Characteristics of Object-oriented Programme 
 
Object-oriented approach is used for developing the system.  
This approach is particularly suitable for large domain problems 
like this, as it has facility to allow for modularisation.  
Decision rules and facts can be inherited from the parent 
objects to objects down in the hierarchy.  This helps to avoid 
the repetitious process of having to allocate similar properties 
to related object and greatly reduces the time required for 
system development while producing an easily maintainable 
system. 
 
Hierarchical Tree Structure 
 
Although the current prototype is restricted to building 
contractors, the advantages and special characteristics of the 
object-oriented technique enable the system to be extended to 
other types such as civil engineering, maintenance, building 
services and specialist contractors.  These are represented in 
the hierarchical form shown in Fig.4 to facilitate future 
expansion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.4:  Hierarchical tree structure of contractor 
 
Implementation of the System 
 
The system has been developed according to the notion of DSS-KBS 
integration, and the operation of the system is shown in Fig.5. 
 Project details are obtained from the client or consultant 
through the knowledge-based expert system.  The knowledge-based 
expert system then communicates with the contractor's database 
and collects information for intelligent analysis.  The analysis 
is carried out according to `IF-THEN' rules.  For instance, 
 
If method of procurement to be adopted = management 
contracting; and method of procurement adopted by 
contractor = traditional 
 
Then prequalification decision = disqualify 
 
The system can, therefore, determines whether a contractor is 
qualified or disqualified for further assessment and the reasons 
for disqualification are reported by the KBS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.5:  The operation of CP-DSS 
 
 
The KBS then accesses the database of the qualified contractors. 
 Again, the data is imported to the system for evaluation.  The 
principle is similar to that of the previous stage, and the 
names of disqualified contractors with the reasons for failing 
are reported.  The results at this stage are simply to `qualify' 
or `disqualify', and these cannot determine which contractors 
should be in the short list. 
 
The final appraisal process is performed by a spreadsheet.  The 
spreadsheet is linked to the KBS for obtaining intelligent 
advice that a contractor is qualified for the final appraisal or 
not.  The spreadsheet then obtains scores for all the qualified 
contractors from the seven separate sub-models simultaneously.  
These scores are adjusted by weighting to represent their 
relative importance.  The inherent calculating capability of 
spreadsheet enables the final score to be computed for each of 
the qualified contractor efficiently.  The contractors are then 
ranked according to their aggregate score. 
 
Output 
 
Various reports are produced to support the prequalification 
decision making process.  These contain all the essential 
information necessary to make a correct decision, including: 
 
   • project details 
   • list of top-ten contractors 
   • status of contractors and reasons for failing 
   • bar chart of the top-ten contractors 
 
If they wish, decision makers can draw up a short-list of 
bidders directly from the top ten contractor list.  
Alternatively, a decision maker may want to examine the status 
of contractors and reasons for failing so as to reconsider a 
contractor.  Reports of project details enable the decision 
makers to check whether or not these details have been entered 
correctly.  A simple mistake of the project information can 
yield a completely different result and a hence different list 
of tenderers. 
 
Testing and Validation 
 
All the above modules were tested and debugged as they were 
written.  Experimental data was used for testing purpose.  This 
data was fed into the spreadsheet models, various relational 
database files and the `IF-THEN' statements in the knowledge-
based expert system to check the accuracy of each module. 
 
After all the modules were individually tested and debugged, 
they were integrated and tested as a system.  To enable the 
tests to be carried out, a contractor database was set up to 
provide data to the system.  Project details were entered into 
the system.  The system successfully identified intuitively 
inappropriate contractors and disqualified them from tendering. 
 Those who passed the first two modules were automatically 
transferred to the final evaluation stage and scores were drawn 
from various models to produce a final score league (see Fig.6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.6:  Final score league of contractors 
 
The conceptual framework, decision criteria and decision rules 
were presented to some of the interviewees for validation.  The 
concept and emphasis, the criteria and requirement of the 
prototype system were found to be sound and applicable to the 
actual prequalification process.  They also found CP-DSS to be 
user-friendly, as the system only requires the users to define 
the project details by simply entering the value or selecting 
from the pull-down menu, and the evaluation process is then 
automatically carried out by the system. 
 
 
CONCLUSIONS 
 
The development of a three-levels decision support system is 
described for prequalifying contractors.  The system offers 
certain improvement to the existing prequalification practices: 
 
   • a wide range of data is evaluated quantitatively and 
systematically 
   • no deterministic rating or subjective judgment is required 
   • an objective short-list of tenderers is produced to support 
decision-making 
   • ease of use by busy decision makers 
 
These benefits were justified in the testing and validation 
studies.  Users were prompted to input the project details.  The 
system then evaluated all the available data of contractors 
according to the decision rules and various models to produce an 
objective list of bidders for decision-making.  Insufficient or 
inappropriate contractors were disqualified during the test to 
eliminate the possibility of employing an inappropriate 
contractor to carry out the project. 
 
In addition, the benefits of object-oriented technique enable 
the system to be extended to cover all other possible types of 
contractor, and thus a global system for contractor 
prequalification. 
 
The system should provide project owners (both private and 
public), consultants, project managers, contractors (for 
evaluating subcontractor), insurance companies, banks, etc., 
with a handy and robust tool for making accurate and appropriate 
prequalification decisions. 
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